Background: Previous research suggests that children born prematurely or with a low birth weight are more vulnerable to the mental health effects of ambient neighbourhood noise; predominantly road and rail noise, at home. This study used data from the Road Traffic and Aircraft Noise Exposure and Children's Cognition and Health (RANCH) study to see if this finding extends to aircraft and road traffic noise at school. Methods: Children and their parents from schools around three European airports were selected to represent a range of aircraft and road traffic noise exposure levels. Birth weight and gestation period were merged to create a dichotomous variable assessing 'early biological risk'. Mental health was assessed using the Strengths and Difficulties Questionnaire (SDQ). Complete data were available for 1900 primary school children. Results: Children who were 'at risk' (i.e. low birth weight or premature birth) were rated as having more conduct problems and emotional symptoms and poorer overall mental health than children not at risk. However, there was no interaction between aircraft or road traffic noise exposure at school and early biological risk. Conclusions: Data from the RANCH study suggests that children with early biological risk are not more vulnerable to the effects of aircraft or road traffic noise at school on mental health than children without this risk; however they are more likely to have mental ill-health.
Background
Noise pollution levels, particularly from aircraft are expected to increase in the United States of America [1] and it is estimated that in Europe approximately 80 million people are living in areas where the noise levels exceed those recommended [2] . Research regarding noise pollution has shown associations between noise and auditory problems [3] as well as non-auditory health problems [4, 5] including mental health [6] and cognitive development [7] [8] [9] . Children may be particularly vulnerable to the effects of noise because they may have less cognitive capacity to understand environmental issues and anticipate stressors and they may lack appropriate coping strategies to deal with noise [10, 11] . Additionally, noise may interfere with learning at a critical developmental stage [7] .
The RANCH study is the largest epidemiological study to date to look at the effects of aircraft and road traffic noise at school on cognition and health in children [4, 7, 8] . The findings from the RANCH study regarding associations between aircraft and road traffic noise at school and mental health have been reported elsewhere [12] . They showed that aircraft noise at school was associated with increased parent-rated hyperactivity, and unexpectedly that road traffic noise at school was associated with reduced parent-rated conduct problems. Emotional problems, peer problems and prosocial behaviour were not related to noise levels at school.
One particularly important question regarding the relationship between noise and mental health is whether there is a differential pattern of effect within the population. Lercher et al. [13] found an interaction between early biological risk and ambient neighbourhood noise (predominantly road and rail noise at home) in children such that children who were born prematurely or were of a low birth weight reported more mental health problems than those without this early biological risk. In their study ambient neighbourhood noise was estimated for the child's home address, however, a large part of a child's day is spent at school where they may also be exposed to environmental noise. It is therefore possible that the moderating effect of early biological risk found by Lercher et al. may also exist for the relationship between noise exposure at school and mental health.
Lercher et al.s [13] measure of ambient neighbourhood noise was calculated by modelling sources of noise from rail, highway and local main roads and then adjusting for Ldn (day-night averaged sound level) measurements taken at certain sites. It is therefore an aggregated measure of environmental noise exposure. The RANCH study has data available for aircraft and road traffic noise at school making it possible to look at the individual contributions of noise from these sources to the effect of early biological risk on mental health.
The aim of this study is to investigate whether early biological risk moderates the relationship between road traffic noise or aircraft noise at school and mental health. To assess this, the model used to analyse the association between aircraft and road traffic noise at school and mental health in the RANCH study [12] will be further adjusted by adding in interaction terms between early biological risk and aircraft noise and road traffic noise at school. We hypothesise that early biological risk will moderate the relationship between both aircraft noise and road traffic noise at school and mental health.
Methods

Sampling and Design
Data for this paper were taken from the RANCH project [7, 8] , a cross-sectional epidemiological field study. Schools around major airports in three European countries (Schiphol in Amsterdam, the Netherlands; Barajas in Madrid, Spain and Heathrow in London, United Kingdom) were classified in terms of noise exposure on a four-by-four grid ranging ordinally from low to high for aircraft noise and low to high for road traffic noise. For each of the 16 noise exposure grid cells, two schools in Spain and the United Kingdom and one school in the Netherlands was selected and, within schools, mixedability classes of boys and girls aged nine to ten years were selected to take part. No children were excluded from the selected classes. In total 2279 children and their parents participated in the study from 89 schools. The overall child response rate for the study was 89%.
In order to make comparisons between models for the current analyses, subjects with missing values were not included, thus the subsample consisted of 1900 children (Netherlands = 558, Spain = 559, United Kingdom = 783; Males = 897, Females = 1003). There was evidence that participants with missing data were more likely to: have unemployed parents (p < .001), have parents who are not home owners (p < .001), not speak the main language of the country (p < .001), have a mother with lower educational attainment (p < .001), be from an non-crowded home (p < .001).
Procedure
Children who were selected took part in a two hour testing session one day at school. After this they took home a questionnaire for their main carer to complete. Written consent was obtained from both parents and the children. Ethical approval was obtained in each country [7] .
Measures
Mental Health Assessment
Mental Health was measured using the parent-rated version of the Strengths and Difficulties Questionnaire (SDQ) and was included as part of the questionnaire taken home by the child for their main carer. The SDQ is a 25 item behavioural screening questionnaire consisting of five subscales (emotional symptoms, conduct problems, hyperactivity/inattention, peer relationship problems and prosocial behaviour) that can be analysed separately or summed to create a total SDQ score [14] . The total score and three subscales (emotional symptoms, conduct problems and hyperactivity) were analysed in separate models. Scores on the subscales range from zero to ten and scores on the total SDQ scale range from 0-40 (the 5 th scale, prosocial behaviour is not included when calculating the total SDQ score), where a higher score indicates poorer mental health. The SDQ can also be split into 'normal', borderline' and 'abnormal' categories using certain cut off points, where children in the abnormal category are classed as 'cases' of psychological distress. This is not a diagnostic tool but can be used to identify children that are likely to have mental health disorders.
Early Biological Risk Assessment
Information regarding the child's birth weight and gestation period was obtained through the questionnaire taken home by the child for their main carer. A dichotomous variable 'early biological risk' corresponding to the construct Lercher et al. [13] used was created. Participants who were born prematurely (before 36 weeks) or had a low birth weight (under 2500 g) or both were coded as 'at risk' and those who were not in either of these categories were coded as 'no risk'.
Road Traffic and Aircraft Noise Exposure Assessment at School
Noise was a continuous measure calculated for each school in dB (A) (A-weighted decibels, where Aweighted means that the sound pressure levels in various frequency bands across the audible range have been weighted in accordance with differences in human hearing sensitivity at different frequencies) where aircraft noise was based on 16-hour outdoor LAeq contours (continuous equivalent sound level of aircraft noise within an area from 07:00 to 23:00 within a specified period) and road traffic noise was derived from modelled data for the Netherlands and from a combination of modelling the proximity to motorways, major roads, and minor roads; traffic flow data; and noise measurements taken at the façade of the school building for the United Kingdom and Spain [15] . In order to reduce the impact of other environmental noise sources, schools which were exposed to dominant sources of noise other than aircraft or road traffic noise (i.e. rail noise) were excluded from the study.
Sociodemographic variables
The RANCH study collected data on a large number of potential confounding factors. A confounding factor was retained in the analysis if there was a significant relationship between the confounding factor and aircraft noise at school and/or road traffic noise at school (p < .05). Additionally all confounding factors (except main language spoken at home and parental support) were significantly correlated (p < .05) with at least one of the mental health outcomes. Potential confounding factors assessed were: country (United Kingdom (UK), Spain or the Netherlands); gender (male or female); age (measured in days); employment status (highest employment status for household, coded into a dichotomous variable, employed or not employed); crowding at home (the number of people per room in the child's home, coded into a dichotomous variable, crowded or not crowded, according to the cut-off points for each country i.e. one and a half in the United Kingdom and Spain and one in the Netherlands); home ownership (whether the child's home is rented or owned/mortgaged); mother's educational attainment (measured by using a relative inequality index based on a ranked index of standard qualifications in each country [16] ; long-standing illness (whether the child is reported by their main carer as having attention deficit hyperactivity disorder, asthma/ bronchitis, eczema, epilepsy, depression, diabetes, or dyslexia, coded into a dichotomous variable: has a long standing illness or no long standing illness); main language spoken at home (a dichotomous variable created to indicate whether the child spoke the predominant language for the country at home); parental support for school work (assessed by a self-report scale completed by the child) and classroom glazing type (a measure of the glazing of the windows in the child's classroom, single, double or triple).
Analysis
Data was analysed using MLwiN multilevel modelling software, where a random intercept model was used to take account of the hierarchical nature of the data, with pupils clustered in schools. Four models were run for each of the mental health outcomes; emotional symptoms, conduct problems, hyperactivity and overall SDQ. Model 1 (unadjusted) contained early biological risk, aircraft and road traffic noise at school; model 2 (adjusted) was the same as Stansfeld et al. [12] and included aircraft and road traffic noise at school plus the potential confounding factors: country, gender, age, employment status, crowding at home, home ownership, mother's educational attainment, long-standing illness, main language spoken at home, parental support for school work and classroom glazing type. Model 3 was the same as model 2 but with the addition of early biological risk as a main effect. Model 4 further added an interaction term between noise exposure at school (either aircraft or road traffic noise) and early biological risk. Statistical significance was tested by comparing the goodness of fit of a model with, and without the variable, using a chisquare test of deviance. None of the models were affected significantly by the school level variance (level 2 variance).
Results
Sample Characteristics
11.5% of the sample were in the 'biological risk' category (no biological risk = 1704, biological risk = 196). Of those with biological risk 23.5% (n = 46) were premature, 39.8% (n = 78) were born with a low birth weight and the remaining 36.7% (n = 72) were both premature and of a low birth weight. Table 1 illustrates the characteristics of the sample by early biological risk. From this we can see that there is a higher percentage of British and a lower percentage of Dutch among those with early biological risk. Further there are a higher percentage of females, and children with unemployed and nonhome owning parents with early biological risk compared to the no early biological risk category. Classroom glazing also varied by early biological risk.
In terms of mental health, 15.5% of the participants were cases on the emotional symptoms subscale (scoring 5+), 14.5% on the conduct problems subscale (scoring 4 +) and 16.5% on the hyperactivity subscale (scoring 7+). 10.6% of the sample had a total SDQ score that was abnormal (scoring 18+). The main analyses used the continuous SDQ measures of mental health.
Sociodemographic variables
The pattern of sociodemographic status predictors was largely similar across models, thus only model 3 with total SDQ score as the outcome variable is presented in Table 2 . Country was significantly associated with all the SDQ outcome measures, indicating that children in the UK and the Netherlands were reported to have better mental health than those in Spain. Males were reported to have significantly poorer mental health than females on the total SDQ measure, conduct problems and hyperactivity, but this finding was reversed for the emotional symptoms measure. Non-home ownership, longstanding illness, lower educational achievement of the child's mother, and lower parental support for school work were all significantly associated with all SDQ measures indicating poorer mental health for these children. Somewhat unexpectedly, living in a crowded home was associated with lower reported scores on the hyperactivity subscale, and high levels of classroom glazing were associated with higher reported scores on the conduct problems subscale and the total SDQ score. Age, employment status and main language spoken at home were not significantly associated with any of the SDQ measures. We additionally examined whether length of time the child had attended the school altered the findings of our analyses but it did not, so this variable was not included in the final models.
Effects of aircraft noise and road traffic noise at school on mental health Aircraft noise at school ranged from 30-77dB (A). There was a significant effect of aircraft noise at school on hyperactivity after adjustment for country, gender, age, employment status, crowding, home ownership, mother's educational attainment, long-standing illness, main language spoken at home, parental support for school work and classroom glazing type (Table 3: model 2) (χ 2 = 3.91, df = 1, p < .05) which became borderline significant with further adjustment for early biological risk (Table 3 : model 3) (χ 2 = 3.72, df = 1, p = .054) ( Table 3 ). Referring to model 3, this indicates a 0.01 point rise in hyperactivity for every 1dB (A) rise in aircraft noise at school. There were no significant associations between aircraft noise at school and overall SDQ, emotional symptoms and conduct problems, either before or after the addition of early biological risk (Table 3: models 2 and 3 ). An additional model for hyperactivity was run where children with ADHD were re-classified as having no long-standing illness, but this did not alter the pattern of results. Road traffic noise at school ranged from 32-71dB (A). There was a significant effect of road traffic noise at school on conduct problems after adjustment for country, gender, age, employment status, crowding, home ownership, mother's educational attainment, long-standing illness, main language spoken at home, parental support for school work and classroom glazing type (Table  3 : model 2) (χ 2 = 4.20, df = 1, p < .05) which remained after further adjustment for early biological risk (Table  3 : model 3) (χ 2 = 4.74, df = 1, p < .05) ( Table 3) . Referring to model 3, this revealed a 0.01 point decrease in conduct disorder for every one dB (A) increase in road traffic noise at school. There were no significant associations between road traffic noise at school and overall SDQ, emotional symptoms and hyperactivity, either before or after the addition of early biological risk (Table 3 : models 2 and 3).
Effects of early biological risk on mental health
For early biological risk, the pattern of results was the same in the unadjusted and adjusted models, thus parameters quoted are from the adjusted model (model 3) (Table 3) . A significant effect of biological risk was found for the total SDQ score (χ 2 = 15.97, df = 1, p < .001) where those at risk score on average 1.641 more points than those not at risk. Similarly there was a significant association between early biological risk and emotional symptoms (χ 2 = 10.88, df = 1, p < .001) with those at risk scoring on average 0.520 points more than those not at risk. There was also a significant association between early biological risk and conduct problems (χ 2 = 11.63, df = 1, p < .001) with those at risk scoring on average 0.402 points more than those not at risk. Finally there was no significant association between early biological risk and hyperactivity.
Interaction between early biological risk and noise exposure
Model 4 included an interaction term between early biological risk and either aircraft or road traffic noise exposure at school. There were no significant interactions between early biological risk and aircraft noise at school for any of the outcomes: total SDQ (χ 2 = 0.82, df = 1, p = .37), emotional symptoms (χ 2 = 0.57, df = 1, p = .45), conduct problems (χ 2 = 0.33, df = 1, p = .56), hyperactivity (χ 2 = 0.74, df = 1, p = .39). Further there were also no significant interactions between early biological risk and road traffic noise at school for any of the outcomes: total SDQ (χ 2 = 0.01, df = 1, p = .92), emotional symptoms (χ 2 = 0.75, df = 1, p = .39), conduct problems Crombie
(χ 2 = 1.22, df = 1, p = .27), hyperactivity (χ 2 = 0.33, df = 1, p = .57).
Discussion
The present study explored the effect of early biological risk as a moderator of the association of noise exposure at school and mental health using data from the RANCH study. Contrary to our hypotheses, no interaction was found between either road traffic or aircraft noise at school and early biological risk for mental health outcomes. Nevertheless a main effect of early biological risk on mental health was found. Further, results regarding noise exposure at school and mental health were similar to Stansfeld et al. [12] after adjustment for early biological risk as expected.
The finding of no interaction between early biological risk and either aircraft or road traffic noise at school was unexpected as it does not support Lercher et al. [13] who found an interaction between early biological risk and ambient neighbourhood noise in children. Methodological variations between the two studies could account for the difference in findings, such as the noise source measured (aircraft noise and road traffic noise at school versus ambient neighbourhood noise which was predominantly rail and road noise); whether noise was estimated for the school or home environment; the quality of the road exposure assessments, the measurement of mental health (parental report versus self report) and the measurement of early biological risk (parental report versus doctors' entry). Further, the finding of no interaction between aircraft noise at school and early biological risk could be explained by the transient nature of aircraft noise compared to the steady state sound levels emitted by ambient neighbourhood noise.
The finding of a main effect of early biological risk with mental health was of interest. Specifically, participants at risk were rated by their parents as scoring higher on the total SDQ scale and the emotional symptoms and conduct problems subscales, than participants not at risk. These findings support previous studies that have found increased rates of behavioural problems in low birth weight children and higher externalising and internalising symptoms in children who were born prematurely [17] [18] [19] . The main effect of early biological risk did not extend to hyperactivity which does not support previous studies that implicate low birth weight in attention deficit hyperactivity disorder (ADHD) [17, [19] [20] [21] and may be due to the SDQ not adequately capturing hyperactivity as defined in ADHD. Nevertheless, postulated mechanisms for how early biological risk might affect mental health in childhood include increased cell death from postnatal complications [19] or minor neurological abnormalities [22] but more research could be instructive. Despite a lack of understanding in this area, early detection of psychiatric problems can improve the effectiveness of treatment, thus, in the meantime, increased vigilance for children who may be vulnerable to psychiatric problems because of their early biological risk is warranted.
In comparison with Stansfeld et al. [12] we found similar main effects of aircraft and road traffic noise on mental health after adjustment for early biological risk; hyperactivity increased with aircraft noise and conduct problems decreased with road traffic noise. The exception was that after the addition of early biological risk, hyperactivity became borderline significant, rather than significantly related to aircraft noise at school. This is likely due to lower power in the current analyses because of the smaller sample used due to missing data with the inclusion of the early biological risk variable. It is thought that noise affects hyperactivity through arousal. According to the arousal theory, noise exposure changes arousal level, which may lead to raised physiological activity levels which might become manifest as psychological difficulties [10] . Such mechanisms are also generally conceptualized as fitting the stress-diathesis model, in which noise exposure increases arousal, and chronic exposure leads to chronic physiological changes and subsequent health effects. However, the finding of reduced conduct problems with increased road traffic noise was unexpected and is not consistent with this theory. Stansfeld et al. [12] suggest that this finding may be due to chance, or due to the difficulties in accurately measuring road traffic noise.
The findings of this study must be considered carefully. The cross-sectional nature of the design where selection was based on noise exposure at school and not birth weight/prematurity could have led to an unrepresentative sample, where those with prolonged noise exposure are noise 'survivors', and those that are less resilient have migrated away. The cross-sectional design also does not allow for assessment of potential timing effects of noise exposure. An individual's total noise exposure level is likely to vary beyond the school level measured in the current study, for example, individual daily road traffic noise exposure may vary according to residential road traffic noise exposure (such data was not available for the UK and Spain in the current sample) or an individual's daily school noise exposure may differ due to classroom acoustics. Development of more accurate measures for individual noise exposure as well as longitudinal research would be beneficial for future noise research.
Further limitations of this study include possible biasing introduced from the sample characteristic differences between those with and without early biological risk and between those with and without missing data.
Conservative bias is expected from the latter, where those with missing data generally had lower socioeconomic status and thus higher rates of mental health problems. In terms of the measures used, the parent-rated version of the SDQ may underreport internalising disorders [23] , however, a self-report version is not available for this age group and may be less reliable [24] , thus the parent-rated version represents the most appropriate measure under such circumstances. An additional teacher-rated SDQ would have improved the identification of externalising disorders but was not possible because of teacher burden [23, 25] . The early biological risk variable combined information on gestation and birth weight preventing assessment of the individual contributions of each variable, however such variables are likely to be highly related. Further, the early biological risk variable relied upon parental reports. Parents of children with early biological risk may be sensitised to perceive vulnerability in their children which could lead to increased reports of mental health problems for such children. Road traffic is a source of both noise pollution and air pollution which have both been linked to mental health outcomes [12, 26] . This study did not adjust for the effects of air pollution which may act as a confounder or have a synergistic effect when coupled with noise [27] . Despite these limitations this study benefits from the fact that a range of noise levels were investigated and that the findings adjusted for multiple sociodemographic status factors.
Conclusions
Data from the RANCH study suggests that children with early biological risk; that is those born prematurely or with a low birth weight, have a greater chance of developing certain mental health outcomes but are not more vulnerable to the effects of aircraft and road traffic noise at school on mental health. This highlights the need to develop understanding of the pathways through which early biological risk might operate. The results must be considered carefully due to potential bias from the cross-sectional design used and sample characteristic differences between those with and without early biological risk. Nevertheless, this study tested a wide range of noise exposure levels and adjusted for many potential confounding factors. 
